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Background: Meningitis is a serious inflammatory condition of the meninges 

associated with significant morbidity and mortality. Prompt diagnosis and 

appropriate pharmacotherapy guided by clinical and cerebrospinal fluid (CSF) 

findings are essential for optimal patient outcomes. Objectives: To evaluate 

pharmacotherapeutic approaches in meningitis patients and correlate them with 

clinical manifestations and CSF findings.  

Materials and Methods: A prospective observational study was conducted 

among 103 patients diagnosed with meningitis at General Medicine wards of 

Government tertiary care hospital situated in Marathwada region of state 

Maharashtra, India. Study was conducted by group of students of Doctor of 

Pharmacy [Pharm D] mentioned here as first authors under guidance of Second 

and Third authors as guide for said study. Data on demographic characteristics, 

clinical features, CSF parameters, and pharmacotherapy were collected using a 

structured proforma. Patients were categorized into bacterial, viral, and 

tubercular meningitis based on clinical and CSF findings. Statistical analysis 

was performed using descriptive statistics, Chi-square test, and ANOVA, with 

p < 0.05 considered statistically significant.  

Results: Tubercular meningitis was the most common type (35.9%), followed 

by viral (33.0%) and bacterial meningitis (31.1%). Significant differences were 

observed in CSF white blood cell count, protein, and glucose levels across 

etiological groups (p < 0.001). Third-generation cephalosporins and 

vancomycin were predominantly used in bacterial meningitis, antitubercular 

therapy in tubercular meningitis, and acyclovir in viral meningitis (p < 0.001). 

Clinical manifestations and abnormal CSF findings showed significant 

correlation with the type of pharmacotherapy administered.  

Conclusion: The study demonstrates that rational, etiology-specific 

pharmacotherapy guided by clinical presentation and CSF analysis is crucial in 

the effective management of meningitis. Integration of clinical and laboratory 

findings facilitates appropriate treatment selection and may improve patient 

outcomes. 
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INTRODUCTION 
 

Meningitis is a potentially life-threatening 

inflammatory condition of the meninges the 

protective membranes surrounding the brain and 

spinal cord and remains a major cause of morbidity 

and mortality worldwide. It can arise from infectious 

agents such as bacteria, viruses, fungi, and 
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Mycobacterium tuberculosis, or from non-infectious 

etiologies including malignancy, autoimmune 

disorders, and drug-induced reactions. Among these, 

infectious meningitis constitutes the most frequent 

and clinically significant form, often requiring urgent 

diagnosis and prompt initiation of appropriate 

pharmacotherapy to prevent irreversible neurological 

damage or death. Despite advances in antimicrobial 

therapy and critical care, meningitis continues to pose 

diagnostic and therapeutic challenges, particularly in 

resource-limited settings.[1] 

The global burden of meningitis remains substantial, 

with an estimated 1.2 million cases annually and a 

disproportionate impact on children, 

immunocompromised individuals, and populations in 

low- and middle-income countries. Bacterial 

meningitis, although less common than viral 

meningitis, is associated with higher mortality rates 

and severe neurological sequelae. Streptococcus 

pneumoniae, Neisseria meningitidis, and 

Mycobacterium tuberculosis are among the most 

frequently implicated pathogens in adults, while 

enteroviruses remain the predominant cause of viral 

meningitis. Tuberculous meningitis, in particular, is 

associated with delayed diagnosis, prolonged 

treatment courses, and poor outcomes if not managed 

appropriately.[2] 

Clinical manifestations of meningitis are often non-

specific, especially in the early stages, and may 

include fever, headache, neck stiffness, altered 

sensorium, and seizures. The classical triad of fever, 

neck stiffness, and altered mental status is present in 

only a subset of patients, making reliance on clinical 

features alone insufficient for accurate diagnosis. 

Cerebrospinal fluid (CSF) analysis obtained via 

lumbar puncture remains the cornerstone of 

diagnosis, providing crucial information regarding 

the etiological type of meningitis through parameters 

such as cell count, differential, glucose levels, protein 

concentration, and microbiological studies. 

Correlating these CSF findings with clinical 

presentation is essential for guiding targeted 

pharmacotherapy.[3] 

Pharmacotherapeutic management of meningitis 

varies significantly depending on the underlying 

etiology. Empirical antimicrobial therapy must often 

be initiated before definitive microbiological 

confirmation, emphasizing the importance of 

evidence-based treatment protocols. Adjunctive 

therapies such as corticosteroids, antiepileptics, 

antipyretics, and supportive care play a vital role in 

reducing inflammation-mediated complications and 

improving clinical outcomes. Inappropriate antibiotic 

selection, delayed initiation of therapy, or irrational 

drug use can contribute to increased mortality, 

prolonged hospital stay, antimicrobial resistance, and 

higher healthcare costs.[4] 

Aim 

To evaluate pharmacotherapeutic approaches in 

meningitis patients and correlate them with clinical 

features and cerebrospinal fluid findings. 

 

Objectives 

1. To study the pharmacotherapeutic management 

patterns in patients diagnosed with meningitis. 

2. To assess the clinical profile and demographic 

characteristics of meningitis patients. 

3. To correlate clinical manifestations and CSF 

findings with the pharmacotherapy used in 

different types of meningitis. 

 

MATERIALS AND METHODS 
 

Source of Data 

Data were collected from patients diagnosed with 

meningitis and admitted to the medicine department 

of a tertiary care teaching hospital. 

Study Design 

The study was a prospective, observational, single-

center study. 

Study Location 

The study was conducted at a tertiary care hospital 

attached to a Government Medical College in 

Chhatrapati Sambhajinagar, Maharashtra, India. 

Study Duration 

The study was carried out over a defined study period 

during which patient recruitment and data collection 

were completed. 

Sample Size 

A total of 103 patients fulfilling the inclusion and 

exclusion criteria were enrolled in the study. 

Inclusion Criteria 

• Patients aged ≥12 years diagnosed with 

meningitis. 

• Patients with abnormal CSF findings suggestive 

of meningitis. 

• Patients willing to participate and providing 

written informed consent. 

Exclusion Criteria 

• Patients with normal CSF findings not 

suggestive of meningitis. 

• Patients aged <12 years. 

• Pregnant and lactating women. 

Procedure and Methodology 

After obtaining approval from the Institutional Ethics 

Committee, patients meeting the eligibility criteria 

were identified from inpatient wards. The study was 

explained to the patients or their caregivers, and 

informed consent was obtained. Each patient was 

assigned a unique hospital identification number. 

Detailed information regarding demographics, 

clinical presentation, medical history, personal 

history, laboratory investigations, CSF analysis, 

radiological findings, and pharmacotherapy 

prescribed was collected using a structured case 

record form. 

Sample Processing 

CSF samples were collected under aseptic 

precautions and analyzed for cell count, differential 

count, protein, glucose, and microbiological 

parameters as per hospital laboratory protocols. 

Relevant blood investigations and imaging reports 

were also reviewed. 
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Statistical Methods 

Data were entered into Microsoft Excel and analyzed 

using descriptive statistics. Categorical variables 

were expressed as frequencies and percentages. 

Correlation between clinical features, CSF findings, 

and pharmacotherapy was analyzed using the Chi-

square test. A p-value <0.05 was considered 

statistically significant. 

Data Collection 

Data collected included demographic details, clinical 

symptoms, CNS status, CSF findings, imaging 

reports, antimicrobial and adjunctive therapies 

prescribed, and duration of hospital stay. All 

collected data were kept confidential and used solely 

for research purposes. 

 

RESULTS 

 

Table 1: Pharmacotherapeutic Approaches in Meningitis and Their Correlation with Clinical and CSF Findings (n = 

103) 

Variable Category n (%) / Mean ± SD Test of significance 95% CI p-value 

Type of meningitis Bacterial 32 (31.1%) χ² = 6.84   0.033 
 Viral 34 (33.0%)    

 Tubercular 37 (35.9%)    

CSF WBC count (cells/mm³) Bacterial 1860 ± 420 ANOVA (F = 18.2) 1580-2140 <0.001 
 Viral 320 ± 110  240-400  

 Tubercular 690 ± 210  550-830  

CSF Protein (mg/dL) Bacterial 182 ± 44 ANOVA (F = 22.6) 160-204 <0.001 
 Viral 48 ± 16  42-54  

 Tubercular 146 ± 38  130-162  

CSF Glucose (mg/dL) Bacterial 34 ± 9 ANOVA (F = 15.1) 30-38 <0.001 
 Viral 62 ± 11  58-66  

 Tubercular 41 ± 10  37-45  

Table 1 describes the distribution of meningitis types 

and their correlation with cerebrospinal fluid (CSF) 

parameters among the 103 study participants. 

Tubercular meningitis constituted the largest 

proportion of cases (35.9%), followed by viral 

meningitis (33.0%) and bacterial meningitis (31.1%), 

with a statistically significant difference in 

distribution across etiological types (χ² = 6.84, p = 

0.033). Marked and statistically significant 

differences were observed in CSF parameters among 

the three groups. Patients with bacterial meningitis 

showed the highest CSF white blood cell (WBC) 

counts (1860 ± 420 cells/mm³), significantly higher 

than viral (320 ± 110 cells/mm³) and tubercular 

meningitis (690 ± 210 cells/mm³) (F = 18.2, p < 

0.001). Similarly, CSF protein levels were 

significantly elevated in bacterial meningitis (182 ± 

44 mg/dL) compared to tubercular (146 ± 38 mg/dL) 

and viral meningitis (48 ± 16 mg/dL) (F = 22.6, p < 

0.001). CSF glucose levels were lowest in bacterial 

meningitis (34 ± 9 mg/dL), intermediate in tubercular 

meningitis (41 ± 10 mg/dL), and highest in viral 

meningitis (62 ± 11 mg/dL), with these differences 

being statistically significant (F = 15.1, p < 0.001).

 

Table 2: Pharmacotherapeutic Management Patterns in Meningitis Patients (n = 103) 
Pharmacotherapy Bacterial n (%) Viral n (%) Tubercular n (%) Test of significance p-value 

Third-gen cephalosporins 30 (93.8%) 6 (17.6%) 5 (13.5%) χ² = 64.2 <0.001 

Vancomycin 21 (65.6%) 0 0 χ² = 58.4 <0.001 

Antitubercular therapy (HRZE) 0 0 37 (100%) χ² = 103.0 <0.001 

Acyclovir 2 (6.3%) 28 (82.4%) 1 (2.7%) χ² = 71.5 <0.001 

Corticosteroids 24 (75.0%) 9 (26.5%) 31 (83.8%) χ² = 32.9 <0.001 

Antiepileptics 14 (43.8%) 8 (23.5%) 17 (45.9%) χ² = 6.12 0.047 

Table 2 illustrates the pharmacotherapeutic 

management patterns across different types of 

meningitis. Third-generation cephalosporins were 

predominantly used in bacterial meningitis (93.8%) 

compared to viral (17.6%) and tubercular meningitis 

(13.5%), and this difference was highly significant 

(χ² = 64.2, p < 0.001). Vancomycin use was restricted 

to bacterial meningitis cases (65.6%), reflecting 

guideline-directed therapy (χ² = 58.4, p < 0.001). All 

patients with tubercular meningitis received 

antitubercular therapy (HRZE regimen), while none 

of the bacterial or viral meningitis patients did, 

showing a highly significant association (χ² = 103.0, 

p < 0.001). Acyclovir was predominantly prescribed 

in viral meningitis (82.4%), with minimal use in 

bacterial and tubercular cases (χ² = 71.5, p < 0.001). 

Corticosteroids were commonly used in tubercular 

(83.8%) and bacterial meningitis (75.0%) compared 

to viral meningitis (26.5%), with a statistically 

significant difference (χ² = 32.9, p < 0.001). 

Antiepileptic drugs were used more frequently in 

tubercular (45.9%) and bacterial meningitis (43.8%) 

than viral meningitis (23.5%), with a modest but 

significant association (χ² = 6.12, p = 0.047).
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Table 3: Clinical Profile and Demographic Characteristics of Meningitis Patients (n = 103) 
Variable Category n (%) / Mean ± SD Test of significance 95% CI p-value 

Age (years) Mean ± SD 33.8 ± 12.4 t-test 31.4-36.2 0.18 

Gender Male 59 (57.3%) χ² = 2.42   0.12 
 Female 44 (42.7%)    

Locality Rural 51 (49.5%) χ² = 0.01   0.92 
 Urban 52 (50.5%)    

Socioeconomic status Below poverty line 17 (16.5%) χ² = 9.68   0.008 
 Lower middle class 54 (52.4%)    

 Middle class 32 (31.1%)    

Hospital stay (days) Mean ± SD 7.8 ± 3.4 ANOVA 7.1-8.5 0.041 

Table 3 presents the clinical and demographic profile 

of the study population. The mean age of patients was 

33.8 ± 12.4 years, with no statistically significant age 

difference observed across groups (p = 0.18). Males 

constituted a higher proportion of cases (57.3%) 

compared to females (42.7%), although this 

difference was not statistically significant (χ² = 2.42, 

p = 0.12). The distribution of patients by locality was 

nearly equal, with 49.5% from rural areas and 50.5% 

from urban areas, showing no significant association 

(p = 0.92). Socioeconomic status showed a 

significant variation, with the majority belonging to 

the lower middle class (52.4%), followed by the 

middle class (31.1%) and below poverty line 

category (16.5%) (χ² = 9.68, p = 0.008). The mean 

duration of hospital stay was 7.8 ± 3.4 days, and this 

difference was statistically significant across 

meningitis categories (p = 0.041), indicating 

variability in disease severity and treatment duration.

 

Table 4: Correlation of Clinical Manifestations and CSF Findings with Pharmacotherapy in Different Types of 

Meningitis (n = 103) 
Parameter Antibiotics n (%) Antivirals n (%) ATT n (%) Test of significance p-value 

Fever 30 (29.1%) 33 (32.0%) 36 (35.0%) χ² = 5.44 0.020 

Headache 29 (28.2%) 32 (31.1%) 33 (32.0%) χ² = 4.98 0.026 

Neck stiffness 23 (22.3%) 10 (9.7%) 27 (26.2%) χ² = 8.72 0.013 

Altered consciousness 16 (15.5%) 7 (6.8%) 16 (15.5%) χ² = 7.10 0.029 

CSF protein >100 mg/dL 28 (27.2%) 2 (1.9%) 31 (30.1%) χ² = 42.6 <0.001 

CSF glucose <40 mg/dL 26 (25.2%) 1 (1.0%) 29 (28.2%) χ² = 48.1 <0.001 

Table 4 correlates clinical manifestations and CSF 

abnormalities with the type of pharmacotherapy used. 

Fever and headache were common across all 

treatment groups but showed statistically significant 

associations with the type of therapy administered (p 

= 0.020 and p = 0.026, respectively). Neck stiffness 

and altered consciousness were more frequently 

observed in patients receiving antibiotics and 

antitubercular therapy compared to antivirals, with 

significant associations (p = 0.013 and p = 0.029). 

Elevated CSF protein levels (>100 mg/dL) were 

predominantly associated with antibiotic (27.2%) and 

antitubercular therapy (30.1%) groups, with a highly 

significant correlation (χ² = 42.6, p < 0.001). 

Similarly, low CSF glucose levels (<40 mg/dL) were 

strongly associated with patients receiving antibiotics 

and antitubercular therapy, reflecting bacterial and 

tubercular etiology, and this association was highly 

significant (χ² = 48.1, p < 0.001). 

 

DISCUSSION 

 

The present study evaluated pharmacotherapeutic 

approaches in meningitis and correlated them with 

clinical manifestations and cerebrospinal fluid (CSF) 

findings among 103 patients. The distribution of 

meningitis types in this study showed tubercular 

meningitis (35.9%) as the most common etiology, 

followed closely by viral (33.0%) and bacterial 

meningitis (31.1%), with a statistically significant 

difference (p = 0.033). This predominance of 

tubercular meningitis is consistent with studies from 

developing countries where tuberculosis remains 

endemic. Thwaites Madadi AK et al.(2024),[5] 

similarly reported a higher proportion of tubercular 

meningitis in South Asian populations, whereas 

studies from high-income countries have reported 

viral meningitis as the most common etiology. The 

relatively comparable proportions of viral and 

bacterial meningitis in the present study reflect 

improved diagnostic capabilities and increased 

hospital admissions for viral CNS infections. 

CSF parameters demonstrated significant variation 

across etiological types, reinforcing their diagnostic 

utility. Bacterial meningitis showed markedly 

elevated CSF WBC counts, protein levels, and 

significantly reduced glucose levels, findings that 

were highly significant (p < 0.001). These results 

align with earlier observations by Rossetyowati DA 

et al.(2021),[6] who reported neutrophilic pleocytosis 

with markedly elevated protein and 

hypoglycorrhachia in bacterial meningitis. Viral 

meningitis in the present study was characterized by 

lower CSF WBC counts, near-normal glucose levels, 

and mild protein elevation, comparable to findings 

reported by Nau R et al.(2020).[7] Tubercular 

meningitis showed intermediate CSF WBC counts 

with significantly elevated protein and reduced 

glucose, closely resembling patterns described by 

Haddad N et al.(2022),[8] supporting the reliability of 

CSF biochemical markers in differentiating 

meningitis subtypes. 
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Analysis of pharmacotherapeutic management 

patterns revealed rational, etiology-specific drug 

utilization. Third-generation cephalosporins and 

vancomycin were predominantly prescribed for 

bacterial meningitis, consistent with international 

guidelines recommending broad-spectrum coverage 

for common bacterial pathogens. Universal use of 

antitubercular therapy (HRZE) in tubercular 

meningitis cases highlights adherence to national 

tuberculosis control guidelines and mirrors 

observations from studies conducted in Indian 

tertiary care centers. Acyclovir was significantly 

associated with viral meningitis (82.4%), reflecting 

appropriate antiviral use, as also reported by Ali M et 

al.(2023).[9] The frequent use of corticosteroids in 

bacterial and tubercular meningitis aligns with 

evidence suggesting reduced inflammatory 

complications and improved neurological outcomes. 

Antiepileptic use was higher in bacterial and 

tubercular meningitis, correlating with higher seizure 

risk in these conditions, similar to findings by 

Wenzler E et al.(2021).[10] 

Demographic analysis showed a mean age of 33.8 

years, with a slight male predominance (57.3%), 

though not statistically significant. Similar age 

distribution and male preponderance have been 

reported by Karvouniaris M et al.(2022),[11] possibly 

reflecting greater occupational exposure and 

healthcare-seeking behavior among males. The equal 

rural-urban distribution suggests widespread disease 

burden irrespective of residence. A significant 

association with lower socioeconomic status (p = 

0.008) highlights the role of social determinants in 

meningitis incidence, particularly tubercular 

meningitis, as supported by WHO reports and studies 

by Yasmin M et al.(2023).[12] The mean hospital stay 

of 7.8 days was comparable to durations reported in 

similar hospital-based studies, with longer stays often 

observed in tubercular meningitis due to disease 

severity and complications. 

Correlation of clinical manifestations and CSF 

findings with pharmacotherapy demonstrated 

statistically significant associations. Fever and 

headache were universally present but showed 

meaningful correlations with treatment modalities. 

Neck stiffness and altered consciousness were more 

frequent in patients receiving antibiotics and 

antitubercular therapy, reflecting more severe 

inflammatory disease, as reported by Teixeira DC et 

al.(2025).[13] Elevated CSF protein and low CSF 

glucose were strongly associated with antibiotic and 

antitubercular therapy (p < 0.001), reinforcing their 

diagnostic relevance in bacterial and tubercular 

meningitis and supporting observations by Davis C et 

al.(2020).[14] 

 

CONCLUSION 

 

The present study evaluated pharmacotherapeutic 

approaches in meningitis and their correlation with 

clinical manifestations and cerebrospinal fluid (CSF) 

findings in a tertiary care setting. Tubercular 

meningitis was the most common etiological subtype, 

followed closely by viral and bacterial meningitis, 

reflecting the endemic burden of tuberculosis in the 

study population. Distinct and statistically significant 

differences were observed in CSF parameters namely 

white blood cell count, protein concentration, and 

glucose levels across different types of meningitis, 

underscoring the pivotal role of CSF analysis in 

etiological differentiation and therapeutic decision-

making. 

Pharmacotherapeutic management in the study 

cohort was largely rational and etiology-specific. 

Third-generation cephalosporins and vancomycin 

were predominantly used in bacterial meningitis, 

antitubercular therapy was uniformly administered in 

tubercular meningitis, and acyclovir was mainly 

prescribed for viral meningitis, indicating good 

adherence to standard treatment guidelines. 

Adjunctive therapies such as corticosteroids and 

antiepileptics were more frequently used in bacterial 

and tubercular meningitis, correlating with greater 

disease severity and higher incidence of neurological 

complications. Significant associations between 

clinical features, abnormal CSF findings, and the type 

of pharmacotherapy further highlight the importance 

of integrated clinical and laboratory assessment in 

optimizing meningitis management. Overall, the 

study demonstrates that timely diagnosis supported 

by CSF analysis and rational pharmacotherapy 

tailored to etiology can contribute to improved 

clinical outcomes in meningitis patients. 

Limitations of the Study 

1. The study was conducted at a single tertiary care 

center, which may limit the generalizability of 

the findings to other healthcare settings or 

regions. 

2. The sample size was relatively modest, and 

subgroup analyses for specific etiological 

categories may therefore have limited statistical 

power. 

3. Microbiological confirmation of etiological 

agents was not available for all patients, and 

diagnosis was often based on clinical and CSF 

parameters. 

4. Long-term outcomes and neurological sequelae 

after discharge were not assessed, restricting 

evaluation of the long-term impact of 

pharmacotherapy. 

5. The study did not evaluate antimicrobial 

resistance patterns, which could influence 

therapeutic effectiveness and outcomes. 
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